The authors assessed the utility and cost-effectiveness of using a World Wide Web-based questionnaire in a large prospective cohort study, the Black Women's Health Study (BWHS). In 1995, 59,000 African-American women were recruited into the BWHS through a paper questionnaire. Follow-up paper questionnaires have been mailed every 2 years since then. During the 2003, 2005, and 2007 questionnaire cycles, participants were given the option of completing a Web-based questionnaire. The cost of developing and processing a returned paper questionnaire was 4 times that of a returned Web questionnaire, primarily because of return postage costs and greater processing time for paper questionnaires. The proportion of respondents who completed a Web questionnaire doubled from 2003 to 2007, from 10.1% to 19.9%, but the characteristics of those completing the Web questionnaire remained the same. Web response was greatest at younger ages (20.9% of those aged <30 years) and declined with age to 3.6% among women aged 60 years or more. Web questionnaires were filled out more completely than paper questionnaires, regardless of the sensitivity of a question. The use of a Web questionnaire in the BWHS resulted in cost savings and more complete responses. Although there are advantages to using a Web questionnaire, the use of multiple means of soliciting questionnaire responses is still needed.
Over the past decade, the use of the Internet in North America has increased by an astounding 134%, with 74% of the population having access to the Internet in 2009 (1) . Younger age groups continue to have the highest rate of Internet use, but rates are increasing in older age groups. Since 2005, persons aged 70-75 years have had the largest rise in Internet usage, with prevalence increasing from 26% to 45% (2) . The increase in familiarity and trust in all age groups has allowed survey researchers to develop Internetbased questionnaires as an alternative method for obtaining survey responses.
In studies of physicians, patients, and laypersons in both the United States and abroad, use of the Internet for health surveys has been shown to decrease the number of missing responses, contribute to cost savings in person-time and printing and postage, speed up response time, and increase the reliability of the data obtained (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . For small samples, however, mailing of multiple paper questionnaires may be a more cost-effective method for eliciting completed questionnaires, due in part to the cost of designing and implementing a World Wide Web survey (16) . Use of a mixed-mode method, offering participants the option to use either a Web questionnaire or a paper questionnaire, has been shown to yield a higher response rate (17, 18) . We assessed the utility and cost-effectiveness of using a Web-based questionnaire in conjunction with a paper questionnaire in a large cohort study, the Black Women's Health Study (BWHS).
MATERIALS AND METHODS
The BWHS, a prospective follow-up study of 59,000 African-American women, began in March 1995. Black women aged 21-69 years from all regions of the United States were enrolled in the study through postal questionnaires sent to subscribers to Essence magazine, members of black professional organizations, and friends of respondents (19) . Enrollment was completed in 1995. Twice a year, participants have received a newsletter updating them on the status of the research and informing them of current and future questionnaire mailings. Follow-up questionnaires have been mailed every 2 years (20) . Eight mailings of paper questionnaires were made throughout each 2-year period. The first paper mailing of each cycle was carried out using nonprofit postage; the fourth and seventh mailings were done by priority mail; and the other 5 questionnaires were mailed first class. Since 1999, participants have been asked to provide us with their e-mail address. During the 2003, 2005, and 2007 questionnaire cycles, all participants in the BWHS were given the option of completing either the paper version of the questionnaire or the Web version. Data collected from these 3 follow-up cycles were used for the present analyses.
The BWHS questionnaires contained a wide range of questions assessing current health status and exposures. The participants were asked to report on their medical conditions, current medication usage, weight, menstrual/ reproductive history, physical activity, cigarette smoking, and alcohol use. Dietary intake was ascertained with a modification of the short Block-National Cancer Institute food frequency questionnaire (21) . Additional questions about education, occupation, health care, religion, insurance, waist/hip measurement, violence, night work, and other factors were added to particular questionnaires. The women's addresses have been linked to 2000 US Census data at the block group level. A neighborhood socioeconomic status score was derived through factor analysis based on 6 variables representing wealth and level of education (e.g., median housing value), with a higher score indicating higher socioeconomic status (22) . Prudent and Western dietary patterns based on the food frequency responses were identified through factor analysis (23) .
Both the Web and paper versions of the questionnaire were designed in-house, allowing us to accurately assess the amount of time needed for development of the questionnaires. The first Web questionnaire required 120 hours of a computer programmer's time to design, test, and implement. The time required has subsequently decreased, with design, testing, and implementation taking 100 hours in 2007. The paper questionnaire was designed in-house using TeleForm software (Autonomy Cardiff, Inc., Vista, California). Approximately 40 hours of a programmer's time were required to design and test each new paper questionnaire.
Each Web questionnaire was designed with the same questions and layout as the corresponding paper questionnaire. All primary questions were permanently visible on the Web questionnaire (i.e., they could not be skipped). Both the paper questionnaire and the Web questionnaire directed participants to skip subquestions if they did not apply, with a visible line pointing to the next question and indented subquestions on the paper questionnaire and shaded or invisible subquestions on the Web questionnaire. The Web questionnaire reminded participants if they had skipped a primary question but did not require them to complete this skipped question in order to move on to a subsequent page of the questionnaire.
At the beginning of each of the 3 follow-up cycles under study, participants who had provided us with at least 1 e-mail address and who were known to be alive and had not refused further participation were sent an e-mail message with a link to the latest BWHS Web questionnaire. A reminder e-mail was sent 3 weeks later to all participants who had not yet completed the Web questionnaire. All those who did not respond to the Web questionnaire within the first 6 weeks were mailed a paper questionnaire. In the cover letter of the paper questionnaire, there was a reference to the Web questionnaire, informing participants of the option to complete either questionnaire. This allowed women who did not previously provide us with an e-mail address an opportunity to complete a Web questionnaire. Every 2-3 months, for 2 years, a follow-up mailing was sent to all nonresponders, again listing the Web questionnaire as an option.
A reminder e-mail was also sent out to all nonresponders 5-6 times during the follow-up cycle. Additional reminders to complete questionnaires either by mail or by Web were included in the BWHS biannual newsletters. At the end of a 2-year follow-up cycle, persons who did not respond to the paper or Web questionnaire were considered nonrespondents.
Once the paper questionnaires had been returned, staff carried out the following quality control steps: 1) Record receipt of the survey; 2) separate data pages from contact information pages; 3) review all pages for stray marks or text outside of data fields that would not be caught by the scanner; 4) scan the surveys; 5) verify the accuracy of the scanned data; 6) update addresses; 7) code open text responses; 8) review all dates of birth to confirm that the right individual had completed the survey; and 9) review all outliers for particular questions. Web surveys did not require the first 5 quality control steps. Because the participant's month and year of birth were required to access the Web questionnaire, review of birth dates was minimal for the Web questionnaire. In addition, minimal work was required to check outliers on the Web questionnaire, because it included prompts to have participants review their response if a response they had entered would be considered out of range. To calculate the time needed to process each returned questionnaire, 3 staff members each completed the above tasks on 100 records for each of the 3 follow-up cycles. Their time per task/cycle was then averaged to estimate staff processing time for each paper and Web questionnaire received.
RESULTS
The cost of developing and processing a returned paper questionnaire was 4 times that of developing and processing a returned Web questionnaire. The cost difference resulted primarily from the cost of return postage ($0.70) and staff processing time per paper questionnaire received ($3.68), costs that were not incurred by the Web questionnaire. Participants who responded by Web questionnaire prior to the first paper mailing contributed significantly to additional direct cost savings by eliminating the printing and mailing of their questionnaire ($0.85).
Each Table 1 . In 2003, the proportion of participants who completed the paper questionnaire was highest (83.5%) in the oldest age group (60 years) and declined by age, with the lowest response (63.5%) being observed in persons under age 30 years. The reverse was true for the Web questionnaire, where the best response (11.5%) was from respondents under age 30 years and the poorest response (1.8%) was among respondents aged 60 years or older. Selection of the Web option approximately doubled in each age category during the 6-year period of follow-up, to 20.9% among women under age 30 years and 3.6% among women aged 60 years or older.
We next compared the baseline characteristics of paper respondents, Web respondents, and nonrespondents (Table 2) . Web responders had higher levels of educational attainment and neighborhood socioeconomic status than did paper responders and nonresponders. Prudent diet pattern scores were higher among Web responders. Web responders were less likely to be current smokers, to have children, or to have a chronic disease. The characteristics of Web, paper, and nonrespondents did not vary across the 3 follow-up cycles.
The number of participants providing an e-mail address increased over the years: 13,398 in 2003, 15,736 in 2005, and 29,875 in 2007. Response to a Web questionnaire was considerably higher if the participant had previously provided us with an e-mail address. As Figure 2 shows, 28.9% of persons with an e-mail address completed the Web version of a follow-up questionnaire, while only 1.4% of those without an e-mail address completed the Web questionnaire. Total response by paper or Web was also higher among persons with an e-mail address: 91.1% among those with an e-mail address and 69.4% among those without one. Web responders were about twice as likely to complete the entire questionnaire as paper responders (Table 3) . In 2003, 82% of Web responders completed all questions, while only 46% of the 2003 paper responders completed all questions. This number increased in 2007 to 97% of Web responders' completing all required responses, compared with 46% of paper responders. We assessed whether the higher completion rates of the Web responders may have been due to characteristics of those completing the Web questionnaires, such as a higher level of education. After controlling for level of education, the completion rate of Web questionnaires was still almost 2 times greater than that of paper questionnaires. In addition, among women with at least 16 years of education, Web responders were close to 2 times more likely to complete the entire questionnaire than paper responders (2003: 50.8% paper, 87.0% Web; 2005: 43.3% paper, 87.3% Web; 2007: 51.6% paper, 97.7% Web).
There were many advantages to using the Web questionnaire in the BWHS (Table 4 ). The strongest disadvantage was that the majority of participants, in each age category, preferred completing the paper questionnaire. The greatest difference between Web responders and paper responders was age. Women who completed the Web questionnaire were younger than women who selected the paper option. Younger participants have changed addresses much more often than older participants, and inability to contact them may have contributed to a lower response to the paper questionnaire in the past (20) . The Web questionnaire appeared to provide an alternative means of completing the questionnaire for these younger, more mobile participants. Most respondents in every category of age, however, still preferred to complete the questionnaire on paper. Concerns have been raised about the feasibility of using Web surveys with older populations (24) . While selection of the Web option was much less frequent among older women than among the younger women in the BWHS, the fact that in every age group response to the Web survey doubled over a 6-year interval suggests that the age barrier to use of Web surveys is declining as the population ages.
Web users had higher levels of educational attainment and higher levels of neighborhood socioeconomic status than paper responders. Thus, low levels of education and neighborhood socioeconomic status, which are markers of access to the Web, remain barriers to the use of Web-based questionnaires. In view of limited Web access in some groups, there is a need to allow for multiple options for completing a questionnaire, particularly in studies with a broad range of age groups and socioeconomic levels.
We found that the Web questionnaires had fewer skipped questions than the paper versions, and this was also the case for respondents with at least 16 years of education. Other studies have found similar results (5-7). The fact that there were fewer skipped questions among BWHS Web responders than among paper responders in women with high levels of education suggests that less skipping was probably due to the type of questionnaire rather than the characteristics of the respondents. Web questionnaires have the ability to remind participants when they have skipped a question, encouraging a more thorough response. On the BWHS Web questionnaires, skipped questions triggered a ''pop-up'' reminder but did not require the participant to answer the missed question.
A previous study indicated that participants would be less likely to answer sensitive questions on the Web than on Immediate access to data by investigators paper (5). We found the opposite to be true. Sensitive questions, such as those about abuse, were completed as often or more often on the Web as on the paper questionnaire. The Web questionnaire has resulted in appreciable cost savings for the BWHS. The production and mailing costs and staff processing times have been reduced. Approximately two-thirds of Web responders in the 2007 followup cycle completed the questionnaire early in the follow-up cycle, before the paper questionnaire was mailed, which also saved printing, mailing, and processing costs. However, the savings were limited by the relatively small proportion of participants who preferred the Web questionnaire over the paper questionnaire. With a continued increase in Web response, the cost savings should continue to increase.
In summary, the use of a Web questionnaire in the BWHS resulted in cost savings and helped to maintain a high response rate through each follow-up cycle. The Web questionnaires were more complete than paper questionnaires, regardless of the sensitivity of a question. Although there are advantages to using a Web questionnaire, the use of multiple means of soliciting questionnaire response is still needed in view of limited Web access or Web use in some populations.
